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The incidence of life-threatening infections is higher in human newborns than in adults. Infections remain a leading cause of neonatal death. This unique susceptibility of the newborn to fungal, viral, protozoan, and certain bacterial infections (1-3) has fostered many investigations of various immunologic parameters. We focused our investigation on the decreased IF-, production (4-6) in neonatal T cells.
The lymphokine IF-,, which has antiviral activity and antitumor effects, is thought to play a central role in the regulation of immune response (7-9). IF-, can inhibit virus replication and growth of intracellular parasites. IF-, appears to be an important macrophage activating factor. It enhances the phagocytic activity of macrophages, increases the oxidative metabolism in macrophages ( lo), and mediates antimicrobial functions against intracellular pathogens such as Candida, Toxoplasma gondii, Trypanosome cruzi, Leishmania, and mycobacteria (8, 11). IF-, is produced by T lymphocytes. The cellular origin of IF-, among T cell subpopulations depends on the stimulus applied. T helper cells (T4+) produce IF-, in response to CD3 antibody in the presence of CDl l b positive cells including macrophages (7). Both CD4 and CD8 activated T cells produce IF-, in response to IL-2 (12). Thus, the regulation of IF-, is based on an interaction between antigen presenting cells and T cells and is mediated by IL-2 ( 12-14).
IL-2 is a lymphokine also produced by T lymphocytes in response to IL-1, mitogen, or antigen stimulation (15) . IL-2 serves as a growth factor for several subsets of T cells, B cells, and activated natural killer cells. I L 2 stimulates the production of IF-,, TNF-a, TNF-fl, and granulocyte-macrophage colony stimulating factor in peripheral mononuclear blood cells (16) . IL-2 exerts its functional effects through binding to specific membrane receptors (17, 18) . So far, two surface IL-2-binding proteins on human T cells have been identified and their cDNAs have been cloned: p55 and p75. The p55 subunit binds IL-2 with low affinity ( b -lo-' M) and the p75 subunit binds with intermediate affinity ( b -M), whereas a dimeric receptor composed of both p55 and p75 binds IL-2 with high affinity ( b =: lo-" M) (19, 20) . The p75 receptor is present on a subset of unstimulated T cells, whereas the high-affinity receptor is expressed after activation of T lymphocytes by antigen presentation to the T cell antigen receptor complex. In addition, IL-2 has been shown to induce its own high-affinity receptor in T cells (2 1,22) . p75 contains a functional domain to mediate IL-2 signal transduction across the membrane, and p55 is thought to coop- erate with the p75 chain to form high-affinity binding sites. It is not clear weather p55 itself may be capable of transducing a signal. It has been described that p55 is internalized together with p75 after IL-2 binding to the high-affinity receptor complex (23, 24) . Endocytosis of p55 depends upon the presence of IL-2 interacting with the p75 subunit. Coupling of the IL-2 highaffinity receptor to signal transduction pathway, distinct from the p75 pathway, is one possibility of signal transduction. The second messenger of IL-2 signaling is not yet defined. It has been shown that neither protein kinase C, CAMP, nor cGMP serve as a second messenger (25) (26) (27) (28) . Recent results indicate that tyrosine phosphorylation is operational in IL-2 receptor signal transduction (29) .
In this study we focused our interest on the molecular mechanism of neonatal IF-y deficiency. Cell Culture. NAB cells (1 x lo6 cells/mL) were cultured in RPMI 1640 supplemented with 10% pooled human AB-serum, L-glutamine, sodium-pyruvate and penicillin-streptomycin and different concentrations of IL-2. Before culture, NAB cells were incubated for 15 min at 4°C with anti-CD3 MAb (OKT3, Ortho Pharmaceuticals, Heidelberg, Germany) in a concentration of 0.1 pg/mL to activate T cells. T cell pellets were used to facilitate interaction between T cell LFA3 and CD2. In some experiments, before activation and culture with IL-2, cells were treated with either p55-blocking TAC MAb (provided by T. Waldmann, NIH, Bethesda MD) (30) or p75-blocking TU27 MAb (provided by K. Sugamura, Tohoku University and S. Taki, Aujinomoto Co., Kawasaki, Japan) (31, 32) . TU27 MAb was used at concentrations varying from 4 1 to 4 10 nmol and TAC MAb at concentrations between 6.8 and 68.5 nmol. The IL-2 quantity we used was 100 Cetus Units/mL, which is equivalent with 2 nmol IL-2. Thus, the highest molar excess of TAC MAb and TU27 MAb to IL-2 was 34-fold and 205-fold, respectively.
Protein Immunoassay. C02. Cells were suspended in a total volume of 60-70 pL of RPMI 1640 supplemented with 10% pooled human AB-serum, L-glutamine, sodium-pyruvate, and penicillin-streptomycin. To determine unspecific binding, cells were incubated with a 500-fold excess of unlabeled IL-2. In some experiments, the cells were preincubated with 100 nmol TAC MAb for 15 min at 4°C to block the p55 chain of the high-affinity receptor. The incubation was performed in polypropylene tubes, pretreated with BSA for 4-6 hours at 37°C to avoid nonspecific binding to the tubes. After incubation, cells were kept on ice and washed twice with cold PBS/FCS. Radioactivity of the cell pellets and total added activity were determined by a gamma-counter. The k, was determined by Scatchard analysis of equilibrium binding data after substraction of nonspecific binding.
RNA Extraction and Northern Analysis. Cells were incubated for 16 h at 37°C in 5% C02. Total cellular RNA was extracted with phenol in the presence of vanadyl ribonucleoside complexes. Integrity and amount of ribosomal RNA were confirmed by electrophoresis of 1 pg RNA in 1 % agarose gels and staining with ethidium bromide. Ten to 15 pg of total RNA was separated by 1.2% agarose-formaldehyde gel electrophoresis and transferred to nylon membranes (Schleicher and Schiill, Dassel, Germany) by capillary blotting. Transferred RNA labeled with ethidium bromide was fixed to the membrane by short wave UV radiation. Documentation by photography under UV-light was made to ensure that equal amounts were loaded onto each lane.
Prehybridization was carried out in a solution containing 6 x SSPE, 0.2% SDS, I X Denhardts, and 60 pg/mL denaturated salmon sperm DNA up to 4 h at 50°C. Filters were hybridized overnight in the same solution containing a 32P-labeled PstI IF-y cDNA fragment (30a). The 32P-labeling was performed ysing the Random Primed DNA Labeling Kit (Boehringer, Mannheim, Germany). After hybridization, filters were washed in 6x SSPE, 2% SDS for 10 min at room temperature, followed by washing with 2x SSPE, 1 % SDS for 20 min at 60°C. For autoradiography filters were exposed to x-ray film (3M, St. Paul, MN) with intensifier screen at -70°C.
Statistics. Results are expressed as mean & SEM. Student's t test for paired observations was used for parametrics distributions and Wilcoxon signed-rank test was used for nonparametrics distributions.
RESULTS
IF-y protein production. Unstimulated and CD3-stimulated cord blood and adult T cells were cultured at a concentration of 1 x lo6 cells/mL in the presence or absence of 100 U IL-2/mL to assess the effect of 11-2-induced IF-y production. Supernatants were harvested at d 4 of culture, and IF-y protein,secretion was 272 VON FREEDEN ET AL. assessed by immunoassay (Fig. 1) . In unstimulated T cells the (n = 5) in unstimulated neonatal T cells, which corresponds with IL-2-induced IF7 release was similar in cord blood and adult the intermediate affinity receptor. In stimulated T cells, radiolablood, in cord blood from 8.1 + 4.0 U/mL to 205.3 + 66.9 U/ beled IL-2 bound to the high-affinity receptor with a k d of 58.3 mL (n = 20; p = 0.007), and in adult blood from 12.3 + 3.2 U/ + 13.6 pmol (n = 5). An example of one study is given in Figure  mL to 217.3 + 46.4 U/mL (n = 21; p < 0.001). In CD3-3. In unstimulated adult T cells a kd of 366.7 + 25.2 pmol (n = stimulated cells, the adult T cells cultured without IL-2 already 3) was found, and in stimulated T cells the kd value was calculated released 256.6 + 70.1 U/mL IFy, and with IL-2 there was an to be 64.0 + 8.7 pmol (n = 3). This corresponds to the described upregulation of IF7 production to 1 189.1 f 152.9 U/mL ( n = affinities for the intermediate-and the high-affinity receptors, 19; p < 0.001). The stimulated cord blood cells secreted 12.8 k respectively (17, 18, 24) . 4.8 U/mL without IL-2 and 238.3 + 55.3 U/mL (n = 22; p < Blockade of the p55 and p75 IL-2 receptors. To assess the 0.001) in the presence of IL-2. There was no significant difference relative roles of the p55 and p75 receptor subunits in mediating between the IF7 production of unstimulated and CD3-stimu-IL-2-induced IFy production, we used receptor-specific blocking lated cord blood cells.
MAb. Unstimulated and CD3-stimulated T cells were incubated The dose-response curve for IL-2-induced IFy production with the p75-blocking TU27 MAb or the p55-blocking TAC showed a half-maximal stimulation at 26 U/mL IL-2 with un-MAb prior to culture with IL-2. In cord blood T cells, inhibition stimulated neonatal T cells, the same as that found in unstimu-with the p75-blocking TU27 MAb (12 pg/mL) showed a reduclated adult T cells. These concentrations are comparable with tion in IFy production: in unstimulated cells from 36.7 + 8.2 those necessary to bind the isolated p75 subunit of the IL-2 U/mL to 13.4 a 2.4 U/mL (65%) (n = 6; p = 0.02), as well as receptor. With CD3-stimulated neonatal T cells the half-maximal in stimulated cells from 1 16.7 + 42.5 U/mL to 6 1.3 t-28.6 U/ stimulation was about 17 U/mL IL-2. In contrast, half-maximal mL (48%) (n = 6; p = 0.03). In unstimulated adult T lymphostimulation in adult lymphocytes was about 3 U/mL IL-2. cytes, IFy production was decreased from 218.3 + 85.5 U/mL Because 1-4 U/mL IG2 already saturates the high-affinity recep-to 163.6 + 96.7 U/mL (25%) (n = 3; p = 0.05), and in stimulated tor, IFy production in neonatal T cells seems not to be regulated T cells IFy levels were reduced from 667.7 + 83.3 U/mL to by the high-affinity receptor for IL-2.
608.3 + 58.3 U/mL (9%) (n = 3; p = 0.14) (Fig. 4) . The absolute In CD3-mL to 10.6 f 2.5 U/mL) (n = 7; p = 0.03) and 73% in stimulated stimulated cells cultured with IL-2, 78.1 + 4.8% (n = 6) of cord cells (843.2 + 2 19.6 U/mL to 23 1.6 + 71.4 U/mL) (n = 13; p = blood cells and 75.1 + 9.4% (n = 6; p = 0.77) of adult blood 0.02) (Fig. 5 ). cells were positive for p55 (Fig. 2) . Thus, CD3-induced p55
We next assessed the effect of TAC MAb inhibition on the expression as well as IL-2-induced upregulation of p55 in stim-binding affinity of IL-2 to its high-affinity receptor. CD3-stimuulated cells is similar in neonatal and adult T cells. lated neonatal T cells, cultured for 4 d in the presence of IL-2, p75 expression was assessed by indirect fluorescence analysis were blocked with 100 nmol TAC MAb before incubation with with TU27 MAb: 19.2 k 2.1 % (n = 8) of unstimulated cord radiolabeled IL-2. We found a significant ( p = 0.002) change in blood T cells expressed p75, and 18.2 + 2.1 % (n = 5) of adult T IL-2-binding properties from a binding with the high-affinity cells expressed p75. Double staining showed that p75 was present receptor (58.3 t-13.7 pmol; n = 5) to binding with the intermein 42.8 + 5.5% (n = 5) of T8' neonatal T cells and only in 4.0 diate-affinity receptor (615.0 + 117.2 pmol; n = 4). An example + 1.7% (n = 5) of T4' neonatal T lymphocytes. These data are of one study is given in Figure 6 . comparable with results obtained from adult T cells (19, 3 1) .
IFy mRNA expression. We next addressed the question of at IL-2 binding studies. We next examined IG2-binding activity which level of gene expression the defect in IFy protein release to unstimulated and stimulated neonatal T cells using [1251]-IL-is located. In so doing we assessed whether IFy release is preceded (Fig. 7) . One possible interpretation of the data is that the p55 subunit of the high-affinity receptor may mediate the biologic signal. Previous reports indicate that transfection of p55 cDNA into nonlymphoid cells may confer responsiveness to IL-2 (35) . Another possibility is that the p55 subunit activates the p75 subunit to mediate the biologic signal. Various studies have shown that the function of signal transduction is associated with p75, and the role of p55 is mainly thought to increase the affinity of p75 for IL-2 (27, 36) . Our results imply that in adult T cells, p55 participates in the biologic signal transduction, either by being the transducer itself or by functioning as an activator of p75. Presently, it is unclear by which receptor the residual neonatal IF? production is regulated. Unstimulated and stimulated neonatal T cells produce comparable amounts of IF? and are not The defect of IF? release could also be a defect in signal transduction from the membrane to the gene. Increased cellular sensitivity to PGE of neonatal T cells (4) has been related to deficient IF? production. PGE down-regulates the CD2 expression, and CD2 plays an important role in the IF? regulation (37) . Thus decreased neonatal IF? release may be due in part to interference of PGE with CD2-mediated activation. Of note, in our studies T cells were incubated in cell pellets to facilitate physical contact in cellular interaction of T cell LFA3 and its CD2 receptor. The activation of neonatal T cells via CD2 is defective (37) . However, p55 expression is related to CD2 activation (38, 39) . Of interest, neonatal T cells express p55 in amounts at least comparable to that of adult T cells. Thus neonatal T lymphocytes may possess a mechanism to compen- 
